expansion of the blood volume to occupy the increased intravascular space, and that in conditions in which the erythropoietic capacity of the marrow is limited there is insufficient red cell production to maintain the normal ratio of cells to plasma. In these circumstances the additional volume requirement is provided by plasma expansion. Thus, in Cases 2 and 3, splenectomy led to a reduction in the red cell mass to normal or subnormal levels, but the hematocrit levels rose.
The findings of Cases 1 and 4, however, and the late study of Case 2, suggest that when organs other than the spleen are pathologically affected these may also add to the blood volume requirement, and that this may reduce the effectiveness of splenectomy in correcting the dilution effect of an expansion of the blood volume. The technique and results of cardiac resuscitation have received wide attention but rather less has been paid to the effects of cardiac arrest on acidbase status and gas transfer. This paper reviews the results of cardiac resuscitation in the first 100 patients in whom it was attempted at the Central Middlesex Hospital and discusses the results of arterial blood analysis in 38 ofthem. 
Patients
In general, attempts were limited to patients under 65 years of age unless cardiac arrest resulted from diagnostic or therapeutic misadventurea policy dictated by our resources. Diagnosis was made by the medical or nursing staff on the spot, all of whom had received instruction in the techniques of external cardiac massage and mouth-to-mouth ventilation. A cardiac resuscitation team was summoned by dialling a special telephone number and they took over the definitive management of the patient. Routine methods of external DC countershock and external cardiac massage were used. Particular attention was paid to ventilation; an endotracheal tube was passed as soon as possible and thereafter ventilation was with 100 % oxygen.
Results
Results in 100 patients have been divided into the following 3 groups: (1) Resuscitation abandoned without restoration of a spontaneous circulation, 53. (2) A spontaneous circulation restored but the patient died later, 25. (3) Longterm survivors; assessed six months after the episode, 22. Broad diagnostic categories are shown in Table 1 . Patients with myocardial infarction comprise the largest single group, reflecting our interest in that disease. Long-term survival was disappointingly low -there were only 4 (9%) long-term survivors. Unlike those in other groups patients with myocardial infarction often appear to be progressing well; sudden death is consequently not expected, and diagnosis and treatment are often delayed. It is hoped to remedy this by monitoring more patients in the initial period. Secondly, several deaths have been due to recurrent ventricular fibrillation not controlled by drugs. We have had some recent success in the use of internal pacing in the prevention of further attacks of fibrillation.
Those conditions which were potentially reversible had a better survival rate, e.g., cardiac arrest in barbiturate poisoning had a good prognosis whereas cardiac arrest in pulmonary embolism was invariably fatal. Care of the patient 8 after resuscitation is as important as the management of the arrest; cardiac arrest is but one aspect of the patient's illness. The problem of after-care is reflected in the 25 patients in Group 2 in whom the circulation was restored but who subsequently died. Recurrent cardiac arrest, however, is no bar to long-term survival; 3 long-term survivors had a total of 7 cardiac arrests. One man had 3 cardiac arrests in forty-eight hours until the commencement of catheter pacing; he is alive and well over one year later.
Acid-base Data
Arterial blood was taken in 38 patients after the administration of200 mEq ofsodium bicarbonate, to assess the adequacy of this treatment. It was not possible accurately to determine the time from cardiac arrest to arterial sampling. Analysis for pH, carbon dioxide tension and oxygen saturation was carried out immediately. pH: In general the long-term survivors had a pH nearer the normal range than the remainder. In 22 patients pH was less than 7 3, indicating an acidosis; in 6 pH was below 7-0, indicating a severe acidosis.
Bicarbonate: Plasma bicarbonate was less than 20 mEq/l in 16, indicating a metabolic acidosis, but it was severe in only 6, which suggests that 200 mEq of sodium bicarbonate had been effective.
Carbon dioxide tension: Despite attention to ventilation, alveolar underventilation (carbon dioxide tension over 45 mmHg) occurred in 23 of the 38 patients, and in 9 this was severe. In the remainder more vigorous ventilation resulted in a fall in carbon dioxide tension. Correction of acidosis: Adequate ventilation is vitally important not only to prevent respiratory acidosis but also for the correction of metabolic acidosis by the administration of sodium bicarbonate. During the period of circulatory arrest before the commencement of massage and during the period of low cardiac output produced by massage there is marked tissue hypoxia which results in the release of lactic acid from anaerobic metabolism. Sodium bicarbonate relieves the acidosis by combining with lactic acid to form carbonic acid which dissociates into carbon dioxide and water. This reaction can only proceed to completion if carbon dioxide is eliminated from the lung.
Oxygen: Oxygen saturation often appears satisfactory but when the alveolar-arterial oxygen tension gradients are calculated a different pattern emerges. This gradient was increased several fold in every patient indicating a gross disturbance of gas transfer. This may be the result of (1) a disturbance of ventilation/blood flow relationship in the lung, (2) venous admixture, or (3) impairment of diffusion. The combination of a low cardiac output and positive pressure ventilation will inevitably disturb ventilation/ blood flow relations but the other mechanisms may also be contributory.
Conclusions
Acidosis by decreasing myocardial contractility, perpetuating arrhythmias and antagonizing vasopressors is harmful. The metabolic component can be corrected by giving 200 mEq of sodium bicarbonate and the respiratory component by adequate ventilation. Hypox.emia occurs frequently, therefore 100% oxygen should be administered as early in resuscitation as possible. Attention to these details will increase the number resuscitated. Several vitamins function as cofactors for enzyme systems, and in vitamin deficiency the activity of these enzymes may be impaired so that intermediary metabolites accumulate. Of interest in vitamin deficiency may be the occurrence of an interference with intermediary carbohydrate metabolism and mechanisms for energy production.
Studies on Blood Keto Acids in Vitamin Deficiency
A major pathway by which carbohydrate is utilized is the glycolytic route, during which pyruvic acid is formed which is later broken down to acetyl coenzyme A. The latter, in addition, is also ierived from the breakdown of fat, and there re forms a common meeting point in the oxidation of both fat and carbohydrate. Acetyl coenzyme A condenses with oxaloacetate and enters the Krebs cycle for final breakdown. Impairment of glycolysis may be reflected in an alteration in the concentration of pyruvic acid in the blood and tissues, whereas impairment of the Krebs cycle may be reflected in alterations in the concentration of a-oxoglutaric acid and other components of the cycle.
